ABSTRACT
INTRODUCTION
Heavy metals are natural constituents of geological matter and are usually found in low concentration in ambient air. Anthropogenic activities have lead to an increase in the levels of heavy metals particularly in the urban atmosphere. The anthropogenic sources of heavy metals on the road include combustion of fossil fuels, vehicular exhaust and non-exhaust emissions, industrial emissions and from biomass burning. In urban centres between 80%-90% of air pollutants come from vehicular traffic sources (Whitelegg and Haq, 2003) . Although most of these particles find their way into ambient air, some are deposited on the road surface and mix up into the dust. Road dust are loose materials on the road surface and consist of mud or track out dirt from unpaved road, deposition of ambient particulate, brake wear, tyre wear and vehicular exhaust fumes. Road dust have been shown to be sites of deposition for wide range of particles which are mostly in the coarse mode (PM>10) (AQEG, 2005) . Heavy metals being one of the atmospheric pollutant released from vehicular emissions can accumulate in road dust from elevated emissions and their deposition overtime often lead to abnormal enrichment causing high metal contamination of urban dust (Li et al., 2001; Wong et al., 2006) .
Road dust is used for air quality monitoring because they reflect both natural and anthropogenic sources of contamination in a particular area, they also give information on the dimension and morphology of single particles and the existence of different size ranges often relate to their formation process.
The anthropogenic contribution of heavy metals to road dust can be verified by the use of mathematical models. The enrichment factor is one of such models that can be used to differentiate between metals originating from human activities and those of natural sources. This is determined by the relation; pathways. In toxicological risk assessment for non-carcinogenic toxicants, a reference dose or tolerable daily intake is assumed to be tolerated by the organism with low or no risk of adverse health effects (Ferreira-Baptista and de Miguel, 2008) . Populations that are worst affected by exposure to contaminants are children, pregnant women and the aged. Children have a greater exposure rate to toxicants than adults because children breath more rapidly than adults, they can breathe through their mouth and often engage in a lot of outdoor activities which lead to high risk of exposure (EPA, 2003) . The susceptibility of children to the ill health effects of heavy metals is due to their immatured immune system and developing organs. Exposure to heavy metals can affect their respiratory, nervous, endocrine and immune systems and could increase the risk of cancer in later life.
The daily dose intake of heavy metals for infants and children are determined through three routes of exposure (ingestion, inhalation and dermal contact). For the dose intake by ingestion [D( ing )] in mg/kg/day of dust particles, the relation is given by (1) Where EFx is the enrichment factor for the element X, Xs the concentration of element of interest in sample, Es (ref) the concentration of the reference element used for normalization in the sample, Xc the concentration of the element in the crust, and Ec (ref) the concentration of the reference element used for normalization in the crust.
In this study, Fe was used as the reference element for the enrichment factors with the assumption that the anthropogenic contribution to the environment is negligible (Taylor and Meclenan, 1985; Liu et al., 2003; Lopez et al., 2005; Meza-Fegueroa et al., 2006) .
The threat posed by heavy metals to human health are caused by a combination of their chemical characteristics, association with particulate matter of fine grain sizes, residence time in the atmosphere and easy transport from emission sources (Dongarra et al., 2003) . Exposure to heavy metals in road dust can occur by means of ingestion, inhalation and dermal contact. To assess the potential health effects of exposure to these metals, it is important to determine their toxicities by these three exposure
Where C is the concentration of elements in the sample, IngR ingestion rate (mg/day), EF the exposure frequency (d/y), ED the exposure duration (years), BW the body weight (kg), and AT is the averaging time (days).
The Dose intake through inhalation of dust [D (inh) ] in mg/kg/day particles is given by the relation;
Where C is the concentration of elements in the sample, PEF particulate Emission Factor (m 3 / kg), InhR inhalation rate (m The Dose intake by dermal contact [D (derm) ] in mg/kg/day is given by the relation; ascertain the possible risk it may pose to humans with emphasis on children. The objectives of the study were therefore to; quantify the heavy metal concentration of road dust in the PM 100 and PM 250 , classify and apportion natural and anthropogenic source contributions and assess the possible human health risk with emphasis on children less than six years having body weight of 15 kg and less.
MATERIALS AND METHODS Site selection and sample collection
The principal consideration for the selection of the sampling site was vehicular density. The two sites were selected because both have high vehicular density with Tetteh Quarshie interchange having a lot of human activities for most part of the day. The Tema Motor way is noted for high speed vehicular movements however, because of the Toll Booth near Ashiaman junction vehicles are forced to slow down and due to heavy human activities by hawkers there is likelihood of exposure to resuspended road dust particles. The samples were collected using a soft touch brush and plastic dust pan kept in pre-cleaned self-sealed polythene bags. New brushes and dust pans were used for each site. This was to avoid cross contamination (Bosco et al., 2005; Ahmed and Ishiga, 2006 
Sample preparation and analysis
Daily samples collected from each spots were homogenously mixed to form a composite sample. The samples were sieved using a mesh (metric test Sieve Bs 410 WS Tyler) with geometric diameters of 100 µm and 250 µm. Two size fractions were then obtained and used for the work. These are particulate matter with particle diameters between 250 µm and 100 µm represented by PM 250 and those having particle diameters below 100 µm represented by PM 100 . The sieving was done on a mechanical shaker (Retsch AS 200) for 30 minutes at amplitude of 10 mm/g. The 250 µm grain sizes were pulverised using a pulveriser (Fritsch Pulverisette 2) followed by sieving with 40 µm size mesh. The
Where C is the concentration of elements in the sample, SA the exposed surface area (cm 2 /day), SL the skin adherence factor (mgcm -2 day -1 ), ABS the skin absorption factor, EF the exposure frequency (d/y), ED the exposure duration (years), BW the body weight (kg), and AT the averaging time (days).
The risk of exposure to a particular toxicant is expressed as the Hazard Quotient (HQ) given by;
Where DI is the dose intake by a given route of exposure for a particular contaminant and RfD the reference dose for a particular element through a particular route of exposure. It is assumed that the toxic risks due to the heavy metals were additive, therefore the HQ value for each metal at a location were summed to generate the hazard index (HI) (Leung et al., 2008) . HI was also calculated for a cumulative exposure through ingestion, inhalation and dermal contacts.
Where HI is the hazard index, HQ (inh) represents the hazard quotients for inhalation routes of exposure, HQ (ing) represents the hazard quotients for ingestion routes of exposure, and HQ (derm) represents the hazard quotients for dermal routes of exposure.
Studies by Kylander et al., (2003) on street dust in Ghana only looked at Pt and Pb. This was done when Pb was used as gasoline additive. With the phasing out of Pb in Ghana in 2004 and the introduction of Mn additive there is the need to conduct comprehensive work on heavy metal pollution from road dust to verify the levels of Pb and Mn build up in road dust to samples were made into pellets using the hydraulic press (hydraulic unit model no. 3912) with an applied load of 10 metric tons. The elemental analysis was done using energy dispersive X-ray fluorescence technique with a secondary target arrangement. A 3000 W maximum power x-ray generator and Si(Li) detector of resolution 165 eV for 5.9 KeV x-ray energy was used. Pelletized samples were irradiated with tube x-ray of 40 kV and 20 mA power. The spectra were detected and quantified using the maestro (32) and QXAS packages respectively. A typical spectrum is shown in Fig 1 
RESULTS AND DISCUSSION Elemental concentrations
The results in Tables 1 and 2 represent the range, mean and standard deviations of the elements in road dust sampled from Tema Motorway (TM) and Tetteh Quarshie Interchange (TQ) respectively. It was generally observed that the mean concentrations of element in the PM 100 grain size were higher than that of PM 250 . The relatively high concentrations in PM 100 observed is due to the fact that vehicular emission from both exhaust and non exhaust sources are mostly in the fine mode, also smaller particles have greater surface area per unit volume than larger particles hence there will be more particles adsorbed onto smaller particles than bigger ones for the same mass of the two.
The ratio (PM 100 /PM 250 ) of the elements gave values above 1.0 which shows that the concentrations of the elements were higher in the PM 100 grain size than the PM 250 (Table 3 ). The only exception in this case was Cr at Tetteh Quarshie interchange which gave a value of 0.8 meaning that the concentration is higher in PM 250 than PM 100 .
A comparison of the concentration of some element with their respective concentration in normal soil (Sezgin et al., 2003) shows that V, Cu, Zn and Pb in the samples from Tetteh Quarshie Interchange were higher than those found in normal soil indicating pollution of the soil (Table 3 ). The highest concentration of Mn (548.93 mg/kg) in the PM 100 grain size was recorded at Tetteh Quarshie Interchange (Table  3 ) with 397.08 mg/kg obtained on the Tema Motorway. The high levels of Mn obtained from the Tetteh Quarshie Interchange may be due to high levels of emission from the heavy vehicular traffic mostly during morning and evening rush hours.
Enrichment Factors
The results of the enrichment factor show that, Ca, Ti, Sr, Rb, and Y have enrichment factors less than 1 (Table 4) . This gives an indication of crustal origin. Significantly high enrichment of Zr may be attributable to the high concentration of the elements in granitic rocks used for the road construction (Huzita and Kasama, 1983) . Zirconium oxide and Zirconium silicate are used in brake lining materials (Eriksson et al., 1999) and their emission as a result of break wear can contribute significantly to the high concentration of Zr in road dust hence its high enrichment factors. Pb has high enrichment factor with the highest occurring on the Tema motorway which indicates that there is a strong anthropogenic influence. Car brake dust resulting from the wear of car brake linings have been found to contain between 1.3-119,000 mg/kg of Pb (Thorpe and Harrison, 2008) . It is also reported that car tyre thread contain about 160 mg/kg of Pb (Hildemann et al., 1991) . The build up of Pb, which is a stable isotope in soil, can be attributed to both vehicular exhaust and non-exhaust emissions. Ni which could only be found in the PM 250 dust particle size group did not show significant anthropogenic contribution. The elements, V, Cr, Cu, Zn and Br also showed significant enrichment at both sampling sites. The significant enrichment factors show that there are contributions from anthropogenic sources. The elements have been found to be present in trace quantities in crude oil. Some studies have shown the following elements in break lining; Cr (135-1320 mg/kg), Cu (70-39400 mg/kg) and Zn (120-27,300 mg/kg) (Thorpe and Harrison, 2008) , tyre thread have also been found to contain the following elements Cr (30 mg/kg), Cu (490 mg/kg) (Hildemann, 1991) and Zn (10,250 mg/kg) (Legret and Pagotto, 1999) . Therefore the presence of these elements in road dust is most likely to be attributed to both exhaust and nonexhaust emissions.
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Human health risk assessment
Exposure assessment calculations were done based on the parameters discussed in the introduction and the results are shown in Tables 5-6 . Exposure assessment involves quantifying the estimated intake of the contaminant by humans for each exposure pathway identified. risk of non-cancerous or cancerous effect resulting from exposure to the chemical. In risk assessment studies the most vulnerable individuals considered are; children, the aged and pregnant women. In this study, non-cancerous effect was estimated for children between the ages of 0-6 years using the three exposure pathways; ingestion, dermal and inhalation.
The results show that, Cr gave the highest HI value of 1.0 at the Tetteh Quarshie interchange (Table 6 ) which is equal to the safe level of 1. Since Cr is known to be carcinogenic, long term exposure can result in serious adverse effect in later life. Strontium (Sr) being of natural origin, poses the least risk of non-cancerous effect. It gave the lowest HI value of all the elements considered; 1.4x10 -3 for Tema Motorway (Table 5) Given that road dust is less cohesive and are easily resuspended by wind than normal soil, the particle emission factor model used for this study, which was developed for contaminated soil, may underestimate the dose contacted through inhalation (Ferreira and de Miguel, 2005) . These results compare well with the results obtained by Ferreira and de Miguel, (2005) , where it was observed that the exposure route with the highest risk of non-cancer effect was by ingestion of road dust followed by dermal contact and inhalation in that order. The sampling site which gave highest cumulative risk of exposure is the Tetteh Quarshie Interchange. This reveals the fact that, hawkers and other people who for one reason or the other spend longer period of time in and around the place at greater risk of exposure.
CONCLUSION
Our present results show that increasing concentrations of Pb, Zn, Cu, Ni, and Cr in street dust in Accra can mostly be attributed to rapid increasing vehicular emissions to the environment. With the exception of Cr all the elements identified were found to be present in high concentrations in the PM 100 than PM 250 . Comparing the concentrations of the heavy metals in this work to their corresponding background concentration in normal soil it was observed that there are anthropogenic contributions to the presence of Pb, Cr, Cu, V and Zn in road dust. This is confirmed by their respective enrichment factors which were greater than 1. The major source of these elements is vehicular emissions to the environment being exhaust and non exhaust. The elements Ca, Mn, Sr, Rb and Y showed enrichment values less than 1 which indicates that they are of crustal origin. The hazard index obtained for all elements considered in this study from both sites fell within the acceptable limit but chromium consistently gave the highest HI values making it the most hazardous of all the elements considered in this work. Ingestion was the only pathway that gave a cumulative HI greater than 1. This reveals the high risk of exposure for food ingestion by the roadside. Tetteh Quarshie Interchange gave the highest risk of exposure. This effect may be due to the high vehicular fleet and the slow movement of vehicles during the morning and evening rush hours. It is therefore not advisable for one to spend longer hours staying by the road side at the Tetteh Quarshie Interchange. Residential and commercial activities close to the roadside is therefore not advisable because of the possible adverse effect of direct vehicular emissions and resuspended dust on human health.
